The nearly fi nished research vessel RRS Sir David Attenborough, which became famous in April 2016 when an internet poll came out in favour of naming it Boaty McBoatface, splashed into the river Mersey on July 14 th , ready to undergo its fi nal preparations in a wet dock. Once seaworthy and baptised, the vessel will head for Antarctica for research explorations focusing on climate change and other issues. Its launch will mark a huge step for British polar science, as it represents the UK government's largest investment in this fi eld for decades.
Meanwhile, climate change is also attracting ships to the other pole of the Earth, albeit in a different manner. The summer coverage of sea ice in the Arctic, which tends to reach its minimum in September each year, has been shrinking at an alarming rate over the last four decades, receding by 14% each decade. It provides visible evidence for climate change happening much faster in the Arctic than on average globally. Predictions suggest that the Arctic may be left without sea ice in the summer as early as 2040.
Commercial operators have been quick to take notice. The fi rst large cruise ship went through the Northwest Passage in August 2016. This is the route linking the Atlantic and Pacifi c Oceans via the northern coast of Canada and through its Arctic Archipelago. An attempt to fi nd this passage led by John Franklin in 1845 famously ended in the loss of the lives of all 129 men taking part. The fi rst successful passage was made by polar explorer Roald Amundsen in 1903 to 1906, but, until the early 21 st century, the passage was accessible only with icebreakers. As of July 2018, however, there are so many competing offers of cruises through the Northwest Passage that a travel website offers a list of the 'ten best' ones.
The situation was similar for the Northeast Passage, also known as the Northern Sea Route, the route along the Siberian coast. This, too, has recently become navigable due to the disappearance of its sea ice in the Arctic summer. Without the romantic heroism of Franklin and Amundsen, this route is less of a tourist magnet and more likely to serve the shipments of goods manufactured in China to the European markets.
Coming from the Atlantic, both routes converge in the Bering Strait between Alaska and Russia's Chukotskiy Peninsula before they reach the Pacifi c. Recognising the safety problems likely to emerge when an increasing volume of shipping passes this natural bottleneck, the International Maritime Organization, an arm of the United Nations, has in May 2018 laid down offi cial navigation routes for this passage, following proposals submitted by the United States and Russia.
The concerns leading to this step were mainly about possible collisions and oil spills, but, even if all ships stay safe, their impact on the Arctic wildlife that has so far been shielded from human contact should give cause for concern.
Arctic impacts
Arctic marine mammals are often considered to be most vulnerable to the rapid environmental changes in the region, and thus as sentinel species for the impacts of climate change. Although the ecosystem's response to the warming water and shrinking ice has already been studied for some time (Curr. Biol. (2012) 22, R547-R549), the impact of shipping has only now emerged as a new threat that requires investigation.
In a fi rst assessment covering the entire Arctic, Donna Hauser, Kristin Laidre and Harry Stern from the University of Washington at Seattle, USA, compiled data on 80 subpopulations of seven marine mammal species endemic to the Arctic, including narwhal (Monodon monoceros), bowhead whale (Balaena mysticetus), beluga whale (Delphinapterus leucas), ringed seal (Pusa hispida), bearded
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Arctic shipping threatens wildlife
The dramatic decline of sea ice in the Arctic is opening up new shipping routes and other commercial opportunities from resource extraction to tourism. This expansion of human activities into higher latitudes will have serious effects on the Arctic wildlife already impacted by the regional climate changing more rapidly than the global average. Michael Gross reports.
Icy waters:
The ice-strengthened passenger expedition vessel Marina Tsvetaeva is one of many vessels that can now travel through the Northwest Passage in the Arctic summer. Marine biologists predict the increase in shipping traffi c will impact on vulnerable species including iconic marine mammals. (Photo: Allen Powell by a CC BY-SA 3.0 licence.) R804 Current Biology 28, R803-R825, August 6, 2018
The investigation found that 42 of the 80 subpopulations studied were likely to become exposed to shipping traffi c. Among these, the results were most dramatic in cases where species with traits making them sensitive to human impacts happen to have their habitat near the natural bottlenecks of the new shipping routes.
In general, the information available was of better quality for the wellstudied cetaceans involved than for the pinnipeds (seals and walrus), where the lack of data led to a higher level of uncertainty.
Geographically, the authors found higher levels of uncertainty in the areas along the Siberian coast, but two problematic 'pinch points' were clearly evident -two narrow passages used both by ships and by migrating animal populations. "These obligatory pinch points are used by migratory species to get in and out of the Arctic, but they are also necessary passageways for vessels using these sea routes," comments fi rst author Donna Hauser, who now works at the University of Alaska at Fairbanks, USA. "Identifying the relative risks in Arctic regions and among marine mammals can be helpful when establishing strategies to deal with potential effects."
Unicorns of the sea
At the top of the vulnerability ranking for the ice-free season we fi nd the narwhal subpopulation of the Eclipse Sound, which is a part of the Northwest Passage just north of Baffi n Island, close to the Lancaster Sound, one of the two pinch points of shipping highlighted as problem zones in the study. Apart from their bad luck of residing close to a bottleneck of the emerging traffi c route, narwhals in general are considered particularly sensitive to human disturbance.
"Narwhals have all the traits that make them vulnerable to vessel disturbances -they have high site fi delity in summer, they rely on sound for key things like fi nding food and communicating, they live in only about a quarter of the Arctic, and they're smack dab in the middle of shipping routes," says co-author Kristin Laidre. "They are notoriously skittish and sensitive to any kind of disturbance."
Laidre has also been conducting research into the ecology of narwhals for more than 15 years and has noted that this species is currently experiencing growing interest due to the animals' sensitivity and importance as indicator species for the impacts of climate change. As Laidre reported at the Ocean Sciences Meeting at Portland, Oregon, USA, in February, narwhals seek out slow-moving glacier fronts on the coasts of Greenland. Using geophysical data from the glaciers and recordings from narwhals fi tted with monitors, Laidre and others are seeking to establish what drives this behaviour. A better understanding of the species ecology and migration will also help conservation scientists to protect it when the impacts of climate change and shipping get worse.
Another recent investigation into narwhals has shown up a worrying physiological vulnerability. Mads Peter Heide-Jørgensen from the Greenland Institute of Natural Resources had come to an agreement with fi shermen in Scoresby Sound on the east coast
seal (Erignathus barbatus), walrus (Odobenus rosmarus), and polar bear (Ursus maritimus).
Based on known data regarding the sensitivity of these and similar species to shipping traffi c observed elsewhere, as well as their geographical distribution in relation to the new shipping routes that are likely to see increasing traffi c in coming years, the authors obtained quantitative estimates of sensitivity and exposure for each subpopulation, from which they calculated the overall vulnerability to shipping (Proc. Natl. Acad. Sci. USA (2018) https://doi.org/10.1073/ pnas.1803543115).
They specifi cally focused the analysis on the conditions now prevalent in September, when the ice coverage is at its minimum and most of the shipping activity occurs. Results would look different in the ice-covered season when fewer ships venture to the Arctic, but have to use ice breakers to get through. of Greenland, allowing researchers to tag narwhals caught in the nets and then to release them. Initial work used satellite localisation tags to study their migration, but, in a recent collaboration with Terrie Williams' group at the University of California Santa Cruz, the researchers equipped the animals with heart-rate monitors to investigate their response to the stress of being caught in a net and then having to fl ee (Science (2017) 358, 1328-1331) .
Paradoxically, the research found that the animals fl eeing after release slowed their heart rate down extremely, even though they were swimming away very quickly -a mismatch of physiological responses that could endanger their lives in other stressful situations.
Whales on collision course
The Bering Strait is the second pinch point on the route. Here, and off the coasts of Alaska, the bowhead whales are most vulnerable. Spending the winter in the Bering Sea, they pass through the Bering Strait in spring to feed in the Chukchi and Beaufort seas. With increasing ship traffi c, this could become a dangerous lifestyle, as they are at risk of colliding with ships, due to their surface-oriented feeding behaviour. They are also known to rely on low-frequency sound for communication, which may be disrupted by ship noises.
At the other end of the Northwest Passage, a separate subpopulation of bowhead whales also migrates straight into the shipping route in summer, travelling around Lancaster Sound and further into the archipelago near Nunavut (Arctic (2015) 68, 169-179) .
On both sides of the Northwest Passage, bowhead whales are also important for the subsistence hunting of Indigenous people in Alaska, Greenland and Nunavut. Some of them have raised concerns that the impact of shipping or possible oil spills could threaten their livelihoods.
The beluga whales migrate through the Bering Strait twice a year as well and are also considered vulnerable to shipping, although less so than the bowhead whales. In a recent study of the ecology of beluga whales, Hauser, Laidre and their colleagues found that they are now forced to dive deeper and for longer to fi nd food (Divers. Distrib. (2018) https://doi.org/10.1111/ddi.12722).
The researchers compared migration and diving data from two observation periods, in 1993-2002, and in 2004-2012 . Between these two periods, the sea-ice coverage declined substantially, and the research showed that the whales had to carry out longer dives of more than 20 minutes more frequently in the later period than in the earlier one.
Walruses are also high on the vulnerability scale because their populations are small and close to the shipping routes. The walrus is the only surviving species of the genus Odobenus and the family Odobenidae and thus of high evolutionary uniqueness.
By contrast, seals are expected to be less affected during the ice-free season because their populations spread out more widely and are thus only partially in contact with shipping routes. In comparison with whales, they are less reliant on sound and thus less vulnerable to noise. Polar bears don't use the open water during the summer and are thus not expected to come into confl ict with shipping, although they could of course be affected indirectly by accidents and oil spills and will continue to suffer habitat loss due to the receding ice coverage.
What to do
Knowing the specifi c vulnerabilities of Arctic wildlife may help to limit the damage as shipping in the area increases. For instance, routes could be defi ned to avoid the most sensitive areas, and technological improvements could help to limit the sound disturbance to which the whales in particular are sensitive.
In many aspects, the experiences gained in other marine environments can become useful if they are adapted to the specifi c parameters of the Arctic environment and its inhabitants.
"I think we can learn a lot from areas that have already been thinking about these kinds of confl icts between ships and marine mammal populationsfor example, the North Atlantic right whale, or fi n and blue whales around California," Laidre explains. "We could aim to develop some mitigation strategies in the Arctic that help ships avoid key habitats, adjust their timing taking into account the migration of animals, make efforts to minimise sound disturbance, or in general help ships detect and deviate from animals."
And maybe, however tempting it may be to sail in the wake of Roald Amundsen, we should all refrain from taking that 'Arctic Explorer' cruise through the Northwest Passage.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk
Vulnerable:
The walrus is one of the marine mammal species at risk from the impacts of increasing ship traffi c in Arctic waters. (Photo: Joel Garlich-Miller, USFWS.)
